This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects m the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



Bibliography. 



(1 9) [Country of Issue] Japan Patent Office (JP) 
(12) [Official Gazette Type] Open patent official report (A) 
(1 1) [Publication No.] JP,8-264478A 
(43) [Date of Publication] October 11. Heisei 8 (1996). 
^ (54) [Title of the Invention] The electrode formation method of a gallium-nitride system compound 
semiconductor. 

(51) [International Patent Classification (6th Edition)] 

H01L 21/28 

33/00 

[FI] 

HOIL 21/28 A 
33/00 E . . 

[Request for Examination] Un-asking. 
. [The number of claims] 6. 
[Mode of Application] FD. 
[Number of Pages] 4. 

(21) [Filing Number] Japanese Patent Application No. 7-94484. 

(22) [Filing Date] March 27, Heisei 7 (1995). 
(71) [Applicant] 

[Identification Number] 000241463. 
[Name] TOYODA GOSEI CO., LTD. 

[Address] 1, Nagahata, Ochiai. Haruhi-cho, Nishi-Kasugai-gun, Aichi-ken. 

(71) [Applicant] 

[Identification Number] 390014535. 

[Name] Research Development Corp. of Japan. 

[Address] 4-1-8, Hon-cho. Kawaguchi-shi, Saitama-ken. 

(72) [Inventor(s)] . 
[Name] Pool Masayoshi. 

[Address] 1. Nagahata. Ochiai. Haruhi-cho. Nishi-Kasugai-gun. Aichi^-ken Inside of TbvODA GOSEI 

CO.. LTD. 

(72) [Inventor(s)] 

[Name] Nagai Sincerity 2. 

[Address] 1, Nagahata, Ochiai, Haruhi-cho. Nishi-Kasugai-gun. Aichi-ken Inside of TOYODA GOSEI 

CO.. LTD. 

(72) [Inventor(s)] 

[Name] Yamasaki Shiro. 



[Address] 1, Nagahata, Ochiai, Haruhhcho, Nishi-Kasugai-gun. Aichhken Inside of TOYODA GOSEI 

CO.. LTD. 

(72) [Iriventor(s)] 

[Name] Murakami Masanori. 

[Address] 22-32, Tsuzuki-gun, Kyoto. 

(72) [Inventor(s)] 
[Name] Tsukui Katsuyuki. 

[Address] 102-1. Sakyo-ku, Kyoto-shi. 

(72) [Inventor(s)] 
[Name] Ishikawa Hidenori. 

[Address] 307. Kamigyo-ku, Kyoto-shi. 

(74) [Attorney] 
[Patent Attorney] 
. [Name] Fujitani **. 



[Translation done.] 
* NOTICES ♦ 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



Summary. 



(57) [Abstract] 

[Objects of the Invention] The fall of the contact resistance of the electrode in a gallium-nitride 
system compound semiconductor. [Elements of the Invention] The oxide and affix on the front face 
of a semiconductor are completely removed by carrying out reverse sputtering using inert gas by 
using as a target the front face of the compound semiconductor which contains a gallium and 
nitrogen at least. The grade of reverse sputtering was made into the grade by which the destructive 
layer by which the atomic arrangement was destroyed is formed in a semiconductor front face, and 
the contact resistance of a metal and a semiconductor fell by. holding a vacua and performing a metal 
vacuum evaporationo process and continuing alloy down stream processing succeeding a sputtering 
process. Contact resistance fell to 1/10 compared with the case where an electrode is formed in the 
front face which carried out wet etching by BHF. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The electrode formation method characterized by carrying out the vacuum evaporation© of 
the metal and forming an electrode after carrying out sputtering of the front face of the compound 
semiconductor which contains a gallium and nitrogen at least using inert gas. 

[Claim 2] The surface atomic layer of the aforementioned semiconductor is the electrode formation 

method according to claim 1 characterized by forming the destructive layer in which the atomic 

arrangement was confused by sputtering which used the aforementioned inert gas. 

[Claim 3] Furthermore, the electrode formation method according to claim 1 or 2 characterized by 

performing alloying processing after depositing a metal on the front face of the aforementioned 

semiconductor. 

[Claim 4] The process which carries out the vacuum evaporationo of the metal to the front face of 
the aforementioned semiconductor is the electrode formation method according to claim 1 to 3 which 
is in the state held at the vacuum and is characterized by performing succeeding sputtering. 



[Claim 5] The aforementioned alloying processing is the electrode formation method according to 
claim 3 which is in the state held at the vacuum and is characterized by performing succeeding the 
aforementioned vacuum evaporationo process. 

[Claim 6] The aforementioned inert gas is the electrode formation method according to claim 1 to 5 
characterized by being argon (Ar) gas. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention improves ohmic nature and relates to the etching method of the 

gallium-nitride system compound semiconductor for reducing contact resistance especially 

[0002] 

[Description of the Prior Art] Gallium-nitride system compound semiconductor (AIGaInN) It is the 
material which attracts attention as blue light emitting diode. After performing wet chemical etching, 
using medical fluids, such as BHF, as a method of forming an electrode in this semiconductor front 
face, the method of carrying out vacuum deposition of the various metals, such as nickel and 
aluminum, to an etching side is learned. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by this method, since a semiconductor front 
face was not washed completely, it had become what deposited the metal on an oxide or other affixes 
as a result. For this reason, there was a problem that the contact resistance of an electrode was high. 
[0004] Therefore, the purpose of this invention is reducing the contact resistance of the metal 
electrode and semiconductor, when forming a metal electrode in the front face of the gallium-nitride 
system compound semiconductor which contains a gallium and nitrogen at least. 
[0005] 

[Means for Solving the Problem] After the 1st feature of invention for solving the above-mentioned 
technical problem carries out sputtering of the front face of the compound semiconductor which 
contains a gallium and nitrogen at least using inert gas] it is characterized by carrying out the vacuum 
evaporationo of the metal and forming an electrode. The 2nd feature is characterized by the grade of 
sputtering of having used inert gas being a grade by which the destructive layer in which the atomic 
arrangement was confused is formed in the surface atomic layer of a semiconductor. Moreover, 
further, after the 3rd feature deposits a metal on the surface of a semiconductor, it is characterized 
by performing alloying processing. Moreover, the process to which the 4th invention carries out the 
vacuum evaporationo of the metal on the surface of a semiconductor is in the state held at the 



vacuum, and the feature of performing succeeding sputtering is carried out. and the 5th feature is in 
the state where alloying processing was held at the vacuum, and it is characterized by performing 
succeeding a vacuum evaporationo process. Furthermore, the 6th feature is characterized by using 
argon (Ar) gas for inert gas. 
[0006] 

[Function and Effect] The oxide and affix on the front face of a semiconductor were completely 
removable by carrying out reverse sputtering using inert gas by using as a target the front face of the 
compound semiconductor which contains a gallium and nitrogen at least. Consequently, when a metal 
was deposited on this field, the contact resistance of a metal and a semiconductor became small. 
[0007] Moreover, the contact resistance of a metal and a semiconductor was able to be reduced by 
making the grade of reverse sputtering into the grade by which the destructive layer by which the 
atomic arrangement was destroyed is formed in a semiconductor front face. Moreover, it became the 
smallest [ the contact resistance of a semiconductor and a metal ] by the contact resistance of a 
metal and a semiconductor falling further by holding a vacua for a metal vacuum evaporationo 
process, and performing succeeding a sputtering process, holding a vacua further, and performing 
alloying processing following the vacuum deposition process, and ohmic nature also became best. If a 
destructive layer was formed in a semiconductor front face, since alloying processing of a vacuum 
evaporationo metal would be performed effectively, contact resistance became very small 
[0008] 

[Example] Hereafter, this invention is explained based on a concrete example. Compound 
semiconductor which contains a gallium and nitrogen at least (AIGaInN) GaN was used as an example. 
The GaN substrate washed by the target of the chamber of a sputtering system was placed Next, 
acceleration voltage 200 V and current density [ of 20micro ] A/cm2 Incidence of the argon ion is 
carried out from a normal by the Kauffmann type ion gun, and it is GaN. Sputtering of the target of a 
substrate was carried out. 

[0009] Next. GaN The substrate was placed into the chamber of the above-mentioned sputtering 
system, and where the inside of a chamber is held to a vacuum, the vacuum evaporationo of the 
nickel (nickel) was usually carried out to the front face of a GaN substrate by sputtering. The heat- 
treatment of nickel by which vacuum evaporationo was carried out. i.e., alloying processing, was 
performed after vacuum evaporationo using the same chamber. 

[0010] The contact resistance of the metal electrode obtained by the above--mentioned processing 
was severalohms. Since contact resistance was several lOohms when the vacuum evaporationo of 
the nickel electrode is carried out to the field as for which wet etching was carried out by 
conventional BHF and an electrode is formed in it. contact resistance was able to be reduced to 1/10 
by this invention method. 

[0011] Moreover, Light Emitting Diode was manufactured using the gallium-nitride system compound 
semiconductor, and the above-mentioned method was used for the electrode formation. Luminous 
efficiency and endurance of Light Emitting Diode using such an electrode improved. 
[0012] In addition, in the above-mentioned example, although the vacuum evaporationo metal was 
used as nickel, they jinay be aluminum, gold, and titanium. Moreover, although the vacuum 
evaporationo by sputtering was performed, a vacuum physical vapor deposition is sufficient. 
Furthermore, it is made to move to the vacuum evaporation system which followed the sputtering 
system at the time of vacuum evaporationo, without touching the open air with a sample, and may be 
made to carry out the vacuum evaporationo of the metal by electron beam evaporation, resistance 
heating vacuum evaporationo. etc. with the vacuum evaporationo equipment to it. Furthermore, 
without making the open air touched with a sample, it may be made to move into the vacuum devices 
which followed the sputtering system similarly, and lamp heating etc. may also perform alloying 



processing. 

[0Cil3] Next in order to confirm the cleaning effect by argon sputtering, the next comparative 
experiments were conducted It is AIN on silicon on sapphire. The buffer stratification is carried out 
and it is GaN on the buffer layer. The layer was formed. This three sample was prepared. GaN of the 
1st sample About the layer, the component element of the crystal of a surface layer was analyzed by 
X-ray photoelectron spectroscopy (XPS). As shown in drawing 1 and drawing 2 , it turns out that 
oxygen and carbon exist in the surface layer. Next, GaN of the 2nd sample Above GaN [ layer ] Wet 
etching of the front face of a layer was carried out by BHF, and the component element of the 
crystal of a surface layer was similarly analyzed by X-ray photoelectron spectroscopy (XPS). 
Although the coating weight of the oxygen in a surface layer and carbon is decreasing compared with 
the former so that drawing 1 and drawing 2 may show, it turns out too that oxygen and carbon are 
not removed completely. Next, GaN of the 3rd sample An argon is used about a layer and it is GaN. 
After carrying out sputtering of the layer, the component element of the crystal of the field was 
analyzed by X-ray photoelectron spectroscopy (XPS). When sputtering of the front face is carried 
out with an argon so that drawing 1 and drawing 2 may show, it turns out that oxygen and carbon are 
completely removable from a surface layer. 

[0014] Next, the time of the spatter rig by the argon is changed and it is GaN by X-ray photoelectron 
spectroscopy (XPS). The component element of the crystal of the spatter side of a layer was 
analyzed. A result is shown in drawing 3 . About 120 sec(s) By sputtering, it turns out that oxygen 
and carbon are removable from a surface layer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] GaN Measurement view which measured the surface oxygen element processed by 
various kinds of methods of a layer by X-ray photoelectron spectroscopy (XPS). 

[Drawing 2] GaN Measurement view which measured the surface oxygen carbon processed by various 
kinds of methods of a layer by X-ray photoelectron spectroscopy (XPS), 

[Drawing 3] GaN Measurement view which measured the sputtering time and the surface amount of 
elements by the argon of the front face of a layer, and ****** by X-ray photoelectron spectroscopy 
(XPS). 
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